Perceived triggers of asthma: Evaluation of a German version of the Asthma Trigger Inventory  by Ritz, Thomas et al.
ARTICLE IN PRESS
Respiratory Medicine (2008) 102, 390–3980954-6111/$ - see fr
doi:10.1016/j.rmed.
Corresponding au
E-mail address: tPerceived triggers of asthma: Evaluation of a German
version of the Asthma Trigger Inventory
Thomas Ritza,, Antje Kullowatza, Frank Kanniessb,
Bernhard Dahmec, Helgo MagnussenbaDepartment of Psychology, Southern Methodist University, 6424 Hilltop Lane, Dallas, TX 75205, USA
bPulmonary Research Institute, Hospital Grosshansdorf Center for Pneumology and Thoracic Surgery,
Woehrendamm 80, 22897 Grosshansdorf, Germany
cDepartment of Psychology, University of Hamburg, Von-Melle-Park 5, 20146 Hamburg, Germany
Received 3 April 2007; accepted 14 October 2007
Available online 3 December 2007KEYWORDS
Asthma;
Illness perception;
Asthma triggers;
Psychological factors;
Questionnaire;
Allergy skin testingont matter & 2007
2007.10.009
thor. Tel.: +1 214
ritz@smu.edu (T.Summary
Background and objective: Patients’ perception of asthma triggers has been explored in a
largely unstructured fashion in the past. Therefore, we developed the Asthma Trigger
Inventory (ATI), a questionnaire that allows for a psychometrically valid measurement of
patients’ perceived asthma triggers. Here we evaluate a German language version of the
ATI and studied the relationship of subscales with self-reported health status, health care
use, psychopathology, and results of allergy skin testing.
Method: Data were obtained from 370 asthma patients recruited from the community,
primary care, and in-patient asthma treatment and education.
Results: Analysis revealed a five-factor structure that largely confirmed results with the
English original. Reliability was good to satisfactory (Cronbach’s a ¼ 0.77–0.89) for allergy,
exercise, air pollution/irritants, infection, and psychological trigger subscales. In
hierarchical regression analysis adjusting for demographics and asthma severity, asthma
patients with stronger non-allergic triggers showed less physical and mental well-being and
more asthma-related health care use. Psychological triggers showed unique associations
with anxious and depressed mood. Pollen and animal allergen scores of the ATI were
significantly related to skin test results for relevant allergens. Non-allergic but not allergic
triggers showed substantial associations with asthma control.
Conclusion: The German version of the ATI reliably measures asthma patients’ trigger
perceptions. Non-specific asthma triggers exert a greater burden on patients’ well-being
and primary health care use.
& 2007 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
768 3724; fax: +1 214 768 3910.
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A variety of risk factors have been identified that affect the
airways in asthma patients.1 Asthma patients’ self-report of
such triggers is central to a successful management of the
disease.2 It can help guide treatment decisions and inform
avoidance advice by health care personnel.3–5 However, this
aspect of patients’ illness perception has been explored in a
largely unstructured fashion in the past. We recently
introduced a questionnaire measure that allows for a
psychometrically valid measurement of patients’ perceived
asthma triggers, the asthma trigger inventory (ATI).6 The
evaluation of a 32-item English language version in primary
care patients yielded a six-factor structure that justified the
formation of reliable subscales for animal allergy, pollen
allergy, physical activity, air pollution/irritants, infection,
and psychological triggers. Recently, the factor structure
of the ATI was confirmed in a study of American child
and adolescent asthma patients.7 Initial findings with the
ATI suggest that patients’ reports of allergic and non-allergic
trigger factors show only little association and that
greater reports of non-allergic triggers, in particular
psychological triggers, are associated with lower perceived
health, more psychopathology, and increased utilization of
health care. Thus, variations in patients’ predominant
trigger factors may tap into clinically relevant distinctions
between subgroups of asthma patients. In this study, we
evaluated a German language version of the ATI to replicate
its factor structure and to further study the relationship of
subscales to self-reported health status, health care use,
and psychopathology.
Methods
Patients
Data were obtained from 370 asthma patients currently
being treated in specialist clinics (n ¼ 186) or primary care
(n ¼ 55) or taking part in asthma-related studies at a
hospital-based pulmonary research institute (n ¼ 129). All
patients had been diagnosed by pulmonologists based on
disease symptoms, history, physical examination, spiro-
metric lung function testing, and sometimes additional
hyperreactivity testing by methacholine or histamine. The
age range was restricted to 16–70 yr and patients with
evidence of chronic obstructive pulmonary disease (infor-
mation from lung function tests, prescribed medication, and
patient health records) were excluded. Patients completed
a questionnaire package including the initial research
version of the German ATI either in the clinic alone in a
separate room or at home and returned the material in a
sealed envelop. They were assured that participation was
completely voluntary and that non-participation would not
affect their regular care. Physicians and other health care
personnel who were treating the patients directly did not
have access to information from individual filled out
questionnaires. Of 410 patients who returned the ques-
tionnaire package, N ¼ 370 had sufficiently complete ATI
data with less then four trigger items (5% of the items)
missing. Ethical approval was obtained for all assessments
by local ethics committees.The ATI
The initial version of the ATI consisted of 63 trigger items
including allergens (animals, plant-related, mold, house
dust, food), odors and irritants, air pollution, emotional
excitement, stress, weather and climate, physical activity
and exercise, airway infections, sleep, alcohol, and medica-
tion. Triggers included the 32 items of the English language
version,6 additional items from the initial 53-item English
research version, and further triggers collected in ad hoc
from interviews with nurses, physicians, and asthma
patients participating in earlier experimental studies.
A bilingual senior research fellow translated the English
language version. Two senior pulmonologists with extensive
experience in asthma treatment as well as both the German
and English language asthma literature reviewed the item
list. Inconsistencies in the translation were solved by
discussion until consensus was reached. In doing so,
priority was given to consistency with German colloquial
language use.
The ATI consisted of two parts: (i) a trigger checklist on
which patients rated on a five-point scale (0–4; ‘never’,
‘rarely’, ‘sometimes’, ‘often’, ‘always’) how often a
particular trigger was associated with their asthma symp-
toms or exacerbations, (ii) a free response section where
patients listed up to six of their individually most important
triggers and then rated each of these triggers on a five-point
scale (0–4, ‘not at all’, ‘slightly’, ‘moderately’, ‘very
much’, ‘completely’) both with regard to (i) its impact on
their daily life and (ii) the extent to which they were able to
control or avoid the trigger without using rescue medication
(bronchodilators). This part of the questionnaire was
designed to recognize idiosyncratic trigger patterns and to
assess patients’ ability to manage their triggers. Scores for
trigger impact and trigger control were obtained by
averaging the ratings for the (up to) six triggers.Additional measures
Additional information limited to demographics and basic
information on disease manifestation and asthma severity
were obtained for the whole sample. More detailed self-
report instruments on asthma history and manifestation,
health care use, general health, psychological status, and
allergen skin sensitivity was obtained only from sub-samples
of patients (for basic demographics and aspects of disease
manifestation in sub-samples, see Table 4). For economical
reasons, not all sites were able to administer the full
assessment battery. Because our primary focus was on
collecting a sufficiently large overall sample for the
Principle Component Analysis (PCA) and reliability estima-
tion of the trigger item list, we decided to implement only a
limited data collection at these sites.
Demographic characteristics: The following information
was collected on a separate questionnaire: gender, age,
marital status, and education.
Asthma severity was rated by study personnel according
to NHLBI/WHO guidelines1 as Step 1 (intermittent), Step 2
(mild persistent), Step 3 (moderate persistent), and Step 4
(severe persistent). Information on symptoms, limitations in
daily life, lung function, and medication were used, which
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self-report.
History, disease manifestation, smoking status, and
health care use: For further validation of the ATI, the
following variables were collected from a sub-sample of
patients (n ¼ 220) by administration of an additional
questionnaire: onset of asthma, family history of asthma
and allergies, childhood diseases (dermatitis, hay fever,
chronic bronchitis), perennial and diurnal patterns of
symptoms, smoking history, asthma-related health care
use, and medication. The age at asthma onset was available
from all patients. Questions on frequency of symptoms,
night time symptoms, and interference with daily activities
in the previous two weeks, as well as bronchodilator use in a
typical week were analyzed as variables of asthma control.
General health status was assessed using the Short Form
12 Health Survey Questionnaire (SF-12).8 The 12 items
measure aspects of perceived physical and emotional
functioning and allow for the calculation of two sum scores,
physical well-being and mental well-being. We used the
SF-12 because it is a more economical version of the SF-36
that was used in the evaluation of the English language
version.6 The authors have demonstrated a high equivalence
between versions.8 Due to missing data in six cases, scores
were available for only n ¼ 214 patients.
Psychological status was assessed using the 14-item
Hospital Anxiety and Depression Scale (HADS)9 because prior
research with the English language child version of the ATI
has shown substantial associations with the psychological
trigger subscale.7,10 The HADS avoids any reference to
physical symptoms and is thus well suited for assessments
in chronic physical illness. Seven questions address anxiety
and seven address depression, with total scores for both
subscales in the range of 0–21. Data were available from
n ¼ 120 patients for the depression subscale and n ¼ 119 for
the anxiety subscale.
Allergy skin testing: Skin Prick Tests were performed on a
sub-sample of n ¼ 49 patients. The battery includes tests for
grass pollen (6-grass pollen mix, rye, ribwort, mugwort,
timothy), tree pollen (hazel, alder, cottonwood, willow,
birch, beech, sycamore, oak), animal epithelium (cat, dog,
horse) and house dust (Dermatophagoides pteronyssinus,
Dermatophagoides farinae). In addition, histamine solution
was used as a positive control, saline as a negative control.
Patients were asked to discontinue antihistamine medica-
tion 48 h prior to the test.Statistical analysis
We used PCA with orthogonal Varimax rotation to explore
the structure of the 63-item research version and the final
32-item version of the ATI. Solutions with extraction of 4–6
factors were scrutinized for plausibility. Subscales scores of
the final 32-item version were calculated by averaging
items. Reliabilities were estimated by internal consistencies
of subscales (Cronbach’s a), further reported estimates of
internal consistency were item-intercorrelations and item-
total correlations (correlation between item and total
subscale score without individual item). A series of
hierarchical multiple linear regressions were calculated
exploring the association of ATI subscales with demo-graphics, asthma control variables, asthma and childhood
disease history, symptom patterns, health care use, health
status, and psychological status. In all regression analyses,
demographics (age, gender, education levels, and marital
status) were entered in step 1 and asthma severity in step 2.
The latter step was omitted in the analyses that used the
four asthma control variables as predictors because of their
partial overlap with the information used to score severity.
Results are presented as means7standard deviation. For
allergy skin tests, average wheal size (minus negative
control) was calculated for categories of grass pollen, tree
pollen, animal epithelium, and mites. These scores were
then correlated (Spearman’s r) with ATI subscale scores.Results
Demographics and disease manifestation
Demographics of the whole sample and further character-
istics of disease history and manifestation are presented in
Table 1. Asthma severity ratings were intermittent for 25% of
the sample, mild persistent for 28.2%, moderate persistent
for 18.6%, and severe persistent for 28.2%. Asthma onset was
before the age of 18 for 57.5% of the sample.
Factor structure: PCA of the 63 items yielded a 5-factor
solution explaining 48.9% of the variance as the most plausible
structure. The extracted factors largely confirmed results with
the original, with separate factors for psychological triggers,
allergens, physical activity, illness/infection, and air pollution/
irritants. The latter two factors showed a limited exchange of
items, with additional dry and hot climate items loading on the
air pollution/irritant factor. Beyond the psychological trigger
items of the original 32-item version, the following additional
items loaded on the first factor with a240.50: ‘hasty breath-
ing’, ‘cold beverages’, ‘runny nose’, and ‘sleep’.
Because no interpretable trigger factor beyond the
original English language version emerged in the extended
German language 63-item set, with weather and climate
factors mostly distributed across the identified factors, and
because the additional items did not add to the clarity of
interpretation, we decided to limit the analysis to the 32
items of the English language original. This analysis also
showed the most plausible structure with 5 factors explain-
ing a total of 59.6% of the variance: Psychological triggers
(16.5% of the explained variance), allergens (animals,
pollen, and house dust) (12.9%), physical activity/exhaus-
tion (11.3%), air pollution/irritants (9.8%), and infection
(9.2%). This structure was comparable with the English
original, with the exception that the allergy items all loaded
on a single factor. The item, ‘cigarette smoke’ showed its
highest loading (0.457) on the ‘infection’ factor instead of
the designated ‘air pollution/irritant’ factor, but the
secondary loading on the designated factor was still
sufficiently high (0.395).
Psychometric properties of subscales: In close correspon-
dence with the Varimax rotated factors and the English
original,6 we formed seven subscales with 3–10 items each.
The psychological trigger subscale with 10 items portrayed
mostly unpleasant emotional states, including stress at
home and arguments, as well as positive excitement with
one item. Allergens were scored both separately in (animal)
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Table 1 Association between subscales of the German version of the ATI and demographics, clinical history, and disease
manifestation.
Predictor Frequency or M7SD Significant for ATI subscale ty p sr2
Age (yr)z 45.0714.6 Allergens (animal) 2.28 0.023 0.014
Gender, womeny 56.8% Psychological factors 2.28 0.023 0.014
Air pollution 3.30 0.001 0.030
Infection 2.71 0.007 0.020
Marital status, marriedz 63.0% Allergens (pollen) 2.16 0.032 0.013
Psychological factors 2.62 0.009 0.019
Physical activity 5.30 0.001 0.073
Air pollution 2.23 0.026 0.014
Trigger control 1.97 0.050 0.011
Higher educationJ 30.3% Psychological factors 2.45 0.015 0.017
Physical activity 5.05 0.001 0.067
Air pollution 4.87 0.001 0.063
Infection 3.11 0.002 0.027
Trigger impact 5.37 0.001 0.078
Trigger control 3.60 0.001 0.037
Severity, GINA levels Allergens (animal) 2.32 0.026 0.014
Psychological factors 4.73 0.001 0.060
Physical activity 5.46 0.001 0.078
Air pollution 3.05 0.002 0.026
Infection 3.23 0.001 0.029
Trigger impact 2.70 0.007 0.021
Age at asthma onset (yr) 21.7717.7 Allergens (animal) 3.59 0.001 0.035
Allergens (pollen) 2.62 0.009 0.019
Infection 2.47 0.014 0.017
Family history asthma or allergy 67.0%
Childhood disease, dermatitis 20.9% Trigger impact 2.40 0.017 0.030
Hay fever 36.4% Allergens (pollen) 4.18 0.001 0.145
Air pollution 1.97 0.050 0.020
Chronic bronchitis 27.3%
Symptoms predominantly, night 26.3% Psychological 1.97 0.050 0.020
Spring 28.6% Allergens (animal) 2.27 0.025 0.027
Allergens (pollen) 3.80 0.001 0.142
Summer 18.9% Psychological 2.92 0.004 0.043
Physical activity 2.02 0.044 0.021
Infection 2.02 0.044 0.021
Winter 21.2%
Smoking, current smoker 6.8%
Significant (po0.05) predictors are reported from equations with individual ATI subscales as dependent variables.
yt-Test results for beta-weights; positive values indicate a positive association between predictor and ATI subscale.
zResults from hierarchical multiple linear regression analysis with individual ATI subscales as dependent variables and predictors age,
gender, marital status, and education level in step 1, and asthma severity and age of onset in step 2; N ¼ 370 for this and subsequent
predictors.
yWomen ¼ 1, men ¼ 2.
zLiving alone, separated ¼ 0, married ¼ 1.
JUniversity entrance diploma or above ¼ 1, below ¼ 0.
Results from hierarchical multiple linear regressions analysis with individual ATI subscales as dependent variables and
demographics in step 1, asthma severity in step 2, and variables of disease history, manifestation, and smoking, in step 3; n ¼ 203–204
for this and subsequent predictors.
Perceived asthma triggers 393and (pollen) subscales with three items each, as well as in
the allergens (general) scale that combined these six items
with the house dust item. Item means were located close to
the mean of the 5-point rating scale; only psychological
triggers were located towards the lower end of the scale
(Table 2). Internal consistencies were very good to satisfac-
tory. For comparison with the original, separate reliabilityestimates were also calculated for animal allergens and
pollen allergens. While the factor solution favors an overall
allergy scale, separate subscales can be calculated with
satisfactory properties. Non-allergic trigger factors showed
mostly moderate intercorrelations, but their correlations
with the allergic trigger subscales were lower or non-
significant (Table 3).
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Table 2 Psychometric properties of subscales of the German version of the Asthma Trigger Inventory.
Trigger subscale Number of items Mi7SD rii (mean) rit (range) a
Psychological 10 0.5570.63 0.46 0.50–0.73 0.88
Allergens (general) 7 1.6670.98 0.47 0.35–0.72 0.87
Allergens (animal) 3 1.4571.26 0.52 0.38–0.78 0.77
Allergens (pollen) 3 1.7471.40 0.69 0.74–0.76 0.87
Physical activity 5 1.7870.98 0.61 0.66–0.80 0.89
Air pollution/irritants 6 1.4270.85 0.45 0.44–0.65 0.83
Infection 4 1.8370.92 0.53 0.57–0.71 0.82
Mi ¼ item mean, SDi ¼ item standard deviation, rii ¼ item intercorrelation, rit ¼ item-total correlation, a ¼ Cronbach’s alpha.
Items of these subscales are summarized under the allergen (general) scale together with the item ‘house dust’.
Table 3 Bivariate intercorrelations (Spearman’s r) of
German version of the asthma trigger inventory subscales
(n ¼ 370).
2 3 4 5 6 7
1. Psychological 0.11 0.04 0.08 0.49 0.38 0.49
2. Allergens (animal) 0.55 0.87 0.23 0.08 0.15
3. Allergens (pollen) 0.87 0.23 0.09 0.09
4. Allergens (general) 0.27 0.11 0.16
5. Air pollution/irritants 0.41 0.51
6. Physical activity 0.42
7. Infection
Coefficients r40.17, po0.001.
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On average, patients reported four top triggers. In rank
order of their frequency, patients mentioned among their six
top triggers physical activity (45.9% of the patients), plant-
related allergens (37.8%), air pollution/irritants (37.3%),
infections (35.7%), animal allergens (35.4%), climate related
triggers (indoor and outdoor; 35.1%), house dust (24.6%),
particular breathing patterns (24.1%), psychological factors
(15.1%), molds (8.4%), food and beverages (8.1%), medica-
tion (4.1%), sleep (2.2%), alcohol (1.6%), gastrointestinal
problems (0.3%), and others (7.0%).
Averaged across all individually relevant triggers, mean
trigger impact was rated ‘moderately’ (2.1970.89) as was
trigger control (1.5570.91). The scores correlated nega-
tively, r(353) ¼ 0.33, po0.001. For the n ¼ 144 patients
who reported six top triggers the internal consistencies of
the six trigger impact and control ratings were a ¼ 0.87 and
0.77, respectively. For n ¼ 290 patients who reported three
triggers, ratings were still relatively consistent, with
a ¼ 0.77 and 0.73, for impact and control, respectively.Association with demographics and disease
manifestation
ATI subscales showed a number of unique associations
with demographics and disease history and manifestation
(Table 1). In general, fewer triggers were reported by
patients that were male, married or cohabiting, and whohad a higher education. Higher severity of asthma was
associated with higher scores on a number of ATI subscales.
Lower age at asthma onset and symptom manifestation
predominantly in spring was associated with higher allergy
trigger scores.
Separate regression analyses (not controlling for asthma
severity grading) showed that non-allergic ATI subscales
were all substantially associated with the four asthma
control variables frequency of symptoms, night time
symptoms, interference with daily activities, and broncho-
dilator use (DR2 ¼ 0.127–0.252, all pso0.001), whereas
allergic trigger subscales showed no association with
variables of asthma control. Ratings of trigger impact were
also related to asthma control, DR2 ¼ 0.137, po0.001, but
not ratings of trigger control. In the final models, inter-
ference with daily activities showed the largest, and
sometimes only, unique contribution to all significant
associations between ATI subscales and asthma control
variables, with t ¼ 2.23–4.34, pso0.05–0.001.Association with health care use, general health
status, and psychological status
Basic information on demographics and asthma manifesta-
tion for patient subgroups in the following analysis are
presented in Table 4. ATI subscales explained roughly 6–7%
of the variance in measures of health care use and 9% in
perceived physical health, after controlling for demo-
graphics and asthma severity (Table 5). In perceived mental
health, anxiety and depression, the ATI subscales accounted
for approximately 16–18% of additional variance, with
particularly strong unique contributions of the psychological
trigger subscale. No significant differences in ATI subscale
means were found for the three different types of
institutions (specialty clinic, primary care, hospital-based
research institute) from which the total sample of patients
were recruited (one-way ANOVAs, ps ¼ 0.214–0.605).
Association with allergy skin testing: ATI allergic trigger
subscales were significantly correlated with the average
wheal size from the respective allergens (Table 6). Only
mite allergens did not show substantial associations, but
D. pteronyssinus correlated significantly with the individual
house dust item of the ATI, r(49) ¼ 0.32, p ¼ 0.028. Non-
specific trigger scales of the ATI did not correlate with wheal
sizes above chance level.
ARTICLE IN PRESS
Table 4 Basic demographics and disease manifestation for additional analyses in sub-samples (means7SD or percentages).
Disease manifestation and
perceived health (n ¼ 220)
Anxiety and depression
(n ¼ 120)
Allergy skin testing
(n ¼ 49)
Age (yr) 43.9715.3 42.1716.0 27.777.0
Gender, women 55.7% 56.1% 65.3%
Marital status, married 53.4% 44.7% 26.5%
Higher education 52.6% 53.7% 89.8%
Severity, GINA mild
intermittent
21.7% 27.6% 46.9%
Mild persistent 25.3% 26.0% 34.7%
Moderate persistent 29.9% 39.0% 18.4%
Severe persistent 23.1% 7.3% 0.0%
Age at asthma onset (yr) 22.4716.9 20.9715.6 12.7710.4
Table 5 Asthma Trigger Inventory subscales as predictors of health care use, health status, and psychopathology
Dependent variable Predictors: ATI subscalesy tz p R2 changey p R2 for
total
Asthma-related GP visits, previous year (n ¼ 220) Infection 2.22 0.027 0.042 0.055 0.323
Emergency treatment (n ¼ 214) Infection 2.38 0.018 0.074 0.009 0.150
Asthma hospital stays, lifetime (n ¼ 219) Infection 2.02 0.045 0.042 0.120 0.152
SF-12, physical composite score (n ¼ 214) Physical activity 2.43 0.016
Infection 1.82 0.070 0.073 0.001 0.379
Trigger impact 2.62 0.010 0.021 0.032 0.400
SF-12, mental composite score (n ¼ 214) Psychological factors 4.85 0.001 0.158 0.001 0.195
Trigger control 1.86 0.064 0.017 0.120 0.211
HADS, anxious mood (n ¼ 119) Psychological factors 3.87 0.001 0.156 0.003 0.256
Trigger control 1.68 0.097 0.023 0.189 0.279
HADS, depressed mood (n ¼ 120) Psychological factors 3.07 0.003
Allergens (animal) 1.81 0.073 0.132 0.005 0.272
Trigger control 1.92 0.057 0.025 0.152 0.297
Results from hierarchical multiple linear regressions analysis after controlling for gender, age, marital status, and education level,
and age in step 1 and GINA severity in step 2.
yOnly ATI subscales that show unique and significant (po0.05) or marginal (po0.10) contributions to the prediction are reported.
zt-Test results for beta-weights; positive values indicate positive associations between ATI subscales (as predictors) and dependent
variables.
yChange in R2 for the block of variables entered in step 3 (six ATI trigger subscales) or step 4 (ATI trigger impact, trigger control).
Table 6 Bivariate intercorrelations (Spearman’s r) of allergy subscales of the German version of the Asthma Trigger
Inventory with skin test wheal size (n ¼ 47–49).
SPT animal SPT tree pollen SPT grass pollen SPT mites
Allergens (animal) 0.43** 0.00 0.06 0.03
Allergens (pollen) 0.14 0.58*** 0.52*** 0.03
Allergens (general) 0.36* 0.42** 0.33* 0.08
*po0.05, **po0.01, ***po0.001.
SPT ¼ Skin Prick Test.
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In this study, we were able to replicate key findings of the
English original version of the ATI in a German version of the
questionnaire. Five of six trigger categories identical withthe original were replicated and further evidence for the
importance in distinguishing allergic and non-allergic trig-
gers in patients’ perception was uncovered. From the
patients’ viewpoint, allergens, infections, air pollution
including odors and irritants, and exercise form relatively
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version, trigger perceptions were partly dependent on
demographic factors, in particular, education level. Patients
with a higher education tended to perceive fewer non-
allergic triggers. Controlling for this and other demographic
variables, trigger categories also differed in their associa-
tion with asthma care use, perceived health, and psycho-
logical status. In replication of earlier findings in adults and
children,6,7,10 we observed a unique association of psycho-
logical trigger factors with lower perceived mental health,
anxiety, and depression. Other non-allergic trigger factors,
as well as perceived trigger control and impact on daily life,
were also associated with general health and psychopathol-
ogy. In addition, in particular infectious triggers were
associated with more primary care and hospital facility
use, which is in line with their known capability of causing
serious asthma exacerbations.11 Separate analyses of asth-
ma control variables also showed associations with all non-
allergic trigger scales, but with none of the allergy trigger
scales. Thus, non-specific trigger factors are important
predictors of patients’ general well-being, asthma control,
and management of asthma. While asthma management
interventions intend to improve awareness of allergic trigger
and their avoidance,3–5,12,13 additional effort would be
necessary to address patients’ options to cope with non-
allergic triggers.
In the German version of the ATI, allergic triggers were
perceived as more homogeneous than in the English
language version, grouping animal allergens, pollen, and
house dust mite as one factor. Differences in a number of
aspects such as gender composition or educational and
cultural background may have contributed to this finding.
Nevertheless, separate scoring seems justified because the
pollen and animal subscales were only moderately corre-
lated (with r ¼ 0.55; for the English original: r ¼ 0.406) and
showed unique associations with demographics and variables
of disease manifestation such as the positive association of
ATI pollen subscale with childhood hay fever. In addition,
their selective association with relevant allergy skin tests
further supported the strategy of separate scoring. Future
studies must explore the possible impact of sample
differences in general and asthma-related education on
the cognitive structure of perceived trigger categories and
their perceived relative importance.
While the importance of a variety of trigger factors for
asthma exacerbations is generally recognized, little is
known about the association between patients’ cognitive
representation of these risk factors and objectively measur-
able trigger load. The ATI was developed to improve the
understanding of patients’ conceptualizations of asthma
triggers and to devise an instrument that captures individual
differences in these concepts reliably. The extent to which
triggers are perceived by patients is likely to vary depending
on trigger characteristics (intensity, salience, frequency of
occurrence, coincidence with symptoms, elicitation of
early- or late-phase responses, etc.), patient characteristics
(susceptibility, exposure history, attention direction, learn-
ing and memory), and other environmental characteristics
(education, expert support, media). Thus, a strong correla-
tion between patients’ perception and effects of triggers on
pathophysiology cannot necessarily be expected. Never-
theless, the associations between allergic trigger scales andskin test findings were significant, thereby providing
evidence of concurrent validity for these subscales. Com-
pared to findings with the original,6,7 reports of pollen
allergens also showed significant associations with skin tests
for sensitization to pollen. While the associations remained
low to moderate, with a maximum of 35% shared variance
between self-report and actual skin sensitivity, their size is
still acceptable given a number of studies showing only very
weak associations between perceived allergic triggers and
skin prick test results.14,15 Part of the reason for such weak
associations lies in the inability of the allergy skin test to
predict allergic symptoms4 or the actual response of the
airways to an allergen.16,17 Convergent information from
additional tests such as allergen provocation or total serum
IgE could improve the association between patients’
perception and actual somatic responses. However, low
associations are also typically found for other aspects of
self-report and somatic markers in asthma, such as symptom
report and lung function measurements,18,19 perceived
airway obstruction and levels of experimentally induced
obstruction,20 report of asthma-specific quality of life and
airway inflammation,21 or more generally between variables
of the self-report domain and physiological data.22 In
practice, it is important to take into account such weak
associations between self-report and somatic response.
Given the substantial complexity in the objective quantifi-
cation of risk factors, such as environmental triggers23 or
psychosocial factors,24–26 patients’ reports of triggers will
often be the primary source of information available to
health care personnel in devising treatment and manage-
ment strategies. More research is needed in exploring
sensitivity to various triggers, actual exposure to these
triggers in daily life, and resulting reports of patients
regarding these triggers.27,28
One limitation of our study is that the associations
between ATI subscales and measures of health care use,
perceived health and psychopathology are cross-sectional
and cannot inform about a direction of influence. For
example, the association of psychological triggers with
lower mental health and higher anxious and depressed
mood may indicate that psychological triggers lead to
psychopathology, or alternatively that psychopathology
leads to psychological triggers. On the one hand, because
psychological triggers are more difficult to control and
avoid, patients may get a growing feeling of helplessness in
the course of their disease and thus may be prone to
developing features of psychopathology. A number of studies
have shown a higher prevalence of depression in asthma
patients (e.g., Refs. 29,30; however, see Ref. 31 regarding
the variability in findings across studies), which may have
developed secondary to the burden of this chronic disease.32
On the other hand, suffering from anxiety and depression
may produce more frequent and intense states of distress
that could act as triggers of airway obstruction. Indeed,
there is substantial evidence that unpleasant emotional
states lead to a decline in lung function,33–36 which can
reach clinically relevant levels in a substantial portion of
patients.37 Depression, in particular, has been associated
with the risk of life-threatening asthma38 and has been
hypothesized to produce autonomic and endocrine states
that favor airway constriction,39 and thereby exacerbate the
disease. In addition, greater psychopathology alone could
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Perceived asthma triggers 397simply lead to higher reports of psychological triggers.
Further research has to address the viability of each of these
hypotheses.
Our study was also limited by providing data for some of
the analyses only in sub-samples of patients. However,
relative equivalence to prior findings in terms of the
associations between non-allergic triggers and health care
use or psychological status confirmed that our findings were
not due to sample biases but showed generalizability across
samples.6,7 An exception might have been the sub-sample for
allergy skin testing, in which the slightly better findings
regarding the association between self-report of allergic
triggers and actual skin responses may have been due to the
higher education level of participants compared to those
involved in the evaluation of the English original. Further-
more, given the complexity of the data collection and
economical restraints at some sites, data on non-participa-
tion were not ascertained, thus not allowing for a comparison
of participants with non-participants. For the same reasons,
data on lung function could not be recorded systematically,
although physicians used it at some sites for severity grading.
In conclusion, the German version of the ATI can reliably
measure patients’ perception of asthma triggers. The
current study supports prior findings with the English
language version of the ATI showing that non-specific asthma
triggers are associated with a greater burden on patients’
well-being and primary care utilization. The ATI is a
promising tool for capturing an important aspect of patients’
perception in asthma research.
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